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Abstract 
The magnetic fluid is a multiphase system which property and morphology are affected by a number of internal and 
external forces such as the brown force, viscous force, magnetic force, van der Waals force, repelling force, gravity 
and buoyancy. All these forces are compared respectively in this paper in order to reduce the calculation process. And 
the four strongest kinds of forces are considered in the two-phase lattice Boltzmann model. With this model, we 
simulated the magnetic fluid and got the chainlike structure of magnetic particles under an external magnetic field. 
The validity of above two-phase lattice Boltzmann model is verified by the simulation results. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction 
Magnetic fluid, also called ferrofluid, is a new-style magnetic material which property and 
morphology are varied with external magnetic field. It mainly consists of carrier fluid and suspended 
magnetic particles with a size of about 10 nm in diameter. Magnetic fluid behaves as the flow ability like 
the Newtonian carrier fluids. But when a magnetic field is applied to magnetic fluid, it exhibits some 
unique mechanical characteristics like solid. As a type of function materials, magnetic fluid has been used 
widely in a variety of fields such as mechanical engineering bioengineering, medical science and 
aerospace [1].Since it is possible that the flow of magnetic fluid can be controlled by using an external 
magnetic field, the microstructure and application of magnetic fluid develop quickly and become one of 
the research hotspots in many fields. 
Under the effect of an external magnetic field, magnetic particles are affected by many kinds of 
forces. So it becomes more complicated than other fluid flows. And it has be known that a full 
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understanding of the mechanism of the magnetic fluid flow under an external magnetic field is still not 
enough only by conventional fluid mechanics methods. Therefore, more numerical methods are needed 
for experimental investigation on magnetic fluid flow. Lattice Boltzmann method, as an effective 
numerical method, has been used in simulating magnetic fluid flow, since it has many advantages such as 
easy dealing with the complex boundary conditions, the physical representation of microscopic 
interactions and high amenability to parallel computing [2-3]. 
The applied forces of magnetic particles were analysed and compared in this paper. And the forces 
are considered in the two-phase lattice Boltzmann model. With this model, we simulated the magnetic 
fluid and got the chainlike structure of magnetic particles under an external magnetic field. 
2. Two-phase lattice Boltzmann model of magnetic fluid 
The magnetic fluid, which is composed of suspended magnetic particles and carrier liquid, is a 
multiphase system. Under the action of forces, magnetic particles movement is not completely the same 
with carrier fluid. They have diffusion random walk while flowing with fluid. And these will have an 
impact on the flow of magnetic fluid. 
The In this paper, the two-phase D2Q9 model is employed to simulate magnetic fluid [4-5]. There 
are nine possible velocities for the magnetic particles at each node. 
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Where c is the lattice velocity, txc δδ= , xδ  and tδ  are the space step and time step respectively. 
The Lattice Boltzmann evolution equation of distribution function of each particle can be expressed 
as follows: 
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Where σ =1, 2 is two phase particles. is the distribution function, is the equilibrium 
distribution function, 
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τ  is the single-relaxation time factor that controls the rate approaching equilibrium. 
In this page, the equilibrium distribution function is given by a discretization of the Maxwell–
Boltzmann equilibrium distribution. 
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Where iω  is a weighting factor, which depends on lattice structure. In D2Q9 model, 
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Since magnetic particles are affected by the various internal and external forces. So it is necessary to 
revise the local equilibrium speed with taking into account the factor of the forces. And the new 
equilibrium speed is got after loading. 
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The fluid macroscopic density and velocity are defined as follows: σρ σu
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3. Stress analysis of Magnetic particle 
The microstructure of magnetic fluid is determined by the various internal and external forces made 
on magnetic particles in the multiphase system. Under the effect of an external magnetic field, magnetic 
particles are mainly affected by the brown force, viscous force, magnetic force, van der Waals force, 
repelling force, gravity and buoyancy. But it will be difficult to analyze a plentiful particles system with 
taking too many forces into account. Therefore it is necessary to contrast each force and reject some kinds 
of forces through comparing the intensity of each force. Under the effect of external magnetic field, the 
magnetism is much stronger than gravity and buoyancy and increases with magnetic field strength. So the 
gravity and buoyancy can be ignored in simulating the microstructure of magnetic fluid. And the brown 
force is random and mutational, so it can be ignored when simulating microstructure of magnetic fluid 
under an external magnetic field. Besides the gap exist among particles due to carrier liquid and surfactant 
layer on the surface of magnetic particles. So the effect of van der Waals force can also be ignored [7]. 
3.1. viscous force 
It is supposed that the magnetic particles are spherical and the carrier liquid is incompressible. And 
its liquid viscous resistances from the carrier liquid can be described by Stokes formula as follows [8]: 
udFv Δ−= πη3                                                                                                                               （7） 
Where is a velocity difference between magnetic particles and carrier liquid. uΔ η is the kinematic 
viscosity. d is the particle diameter. 
3.2. magnetic force 
Magnetic moment expression of magnetic particles is as follows: 
HRm χπ 3
3
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Where R  is the particles radium, H is the external magnetic field, χ is the magnetic susceptibility. 
According to the theory of magnetic dipole, the force that the magnetic particles have in the external 
magnetic field is expressed as follows [9]: 
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Where r is the relative position vectors between two magnetic particles, is the unit vector of 0r r .
       
3.3. repelling force 
The repelling force can be calculated from reference [10]: 
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Whereβ controls the rate of repelling force with changing of the deformation of magnetic particles. 
The pressure of magnetic particles can be calculated by the equation as follows: 
rvm FFFF ++=
σ
4. The  process flow diagram of two-phase lattice Boltzmann model 
The process flow diagram, Figure 1, provides an overall summary of the basic flow in simulating 
magnetic fluid. 
          
Fig.1.The process flow diagram of two-phase lattice Boltzmann model
5. Simulation and discussion 
The forces decrease quickly with increasing distance between two particles. So it is just need to 
calculate the forces from particles at adjacent grids in order to reduce computation. The parameters of 
magnetic fluid used in simulation are listed in the following table. 
Table 1. The simulation parameters 
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The Fig.2 shows the random distribution of magnetic particles in the absence of an external magnetic 
field. When an external magnetic field applied, magnetic particles move and perform the chainlike 
structure as Fig.3. The further researches indicate that the gravity components of magnetic force makes 
magnetic particles move and form the chainlike structure while repulsion components makes chains 
presents approximate parallel distribution. The relationship between relative position of magnetic 
particles and magnetic field direction determines final distribution. 
Fig.2. the random distribution of magnetic particles         Fig.3. chainlike structure of magnetic particles 
6. Conclusion 
   Under an external magnetic field, although the force and the motion of magnetic particles is 
complex, it is the viscous force, magnetic force and repelling force that play a decisive role in 
microcosmic structure and mechanism of magnetic fluid. A two-phase lattice Boltzmann model has been 
built to simulate the chainlike structure process of magnetic particles. The validity of above two-phase 
lattice Boltzmann model is verified by the simulation results. And the high-level two-phase LB model 
will be used to simulate magnetic particles structure. 
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